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Control and Development of Inpipe
Inspection Robot for Variable Pipe Line

Chul Han Park

Dept. of Interdisciplinary Program of Mechatronics Engennering,

The Graduate School, Pukyong National University

Abstract

Recently, pipelines have.a lot of dangerous accidents when they become
old and corroded. To:solve this problem, various methods has been studed
for inspection of pipeline. Particularly, pipeline inspection methods using a
robot are being studied. But these studies have been ended up simple
research and development. Therefore, they are difficult to apply to
industrial fields.

In this thesis, a new inpipe inspection rebet combining wheel type and
wall-press type is designed and developed. The developed inpipe
inspection robot is to inspect the sea-water pipelines such as horizontal
pipeline, vertical linear pipeline and elbow with variable diameters from
250mm to 350mm. The method for the developed inpipe inspection robot
is as follows. First, the inpipe inspection robot is designed by Solid works
and simulated as a virtual pipeline. The inpipe inspection robot is made by
duralumin. The pipeline inspection robot are composed of /ink part for
contacting with wall of the inner pipeline, driving module part spaced in

il



120° on front and back of the body of the inpipe inspection robot, sensor
attachment part for attaching infrared sensor of the body of the inpipe
inpection robot, camera control part for recording state of the wall of the
inner pipeline, and central axis for compressive force generated by
tensional spring. Second, kinematical modeling is a relational equation
between [link structure displacement of vertical direction and moving
displacement of prismatic joint and is used to get proper compressive force
needed for inspecting the inner of pipeline. Third, a driving algorithm in
elbow using distances between robot and elbow-is proposed for preventing
damage of hardware generated by overload when the robot drives in a
desired elbow. Forth, a PID-controller is designed for each motor track a
given velocity from the driving algorithm for the robot to drive in straight
pipeline and elbow. Fifth, camera with function of Pan-Tilt records state of
the inner of pipeline and it is controlled manually. Sixth, a control system
using DSP TMS320F28335, RS-232, infrared sensor and/ camera is
developed “for driving the robot. Finally, thes efficiency and the
effectiveness of ‘the propoesed controller;of pipeline inspection robot are

verified by simulation and experimental results.
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Table 2.1 Specification of Pipe Inspection Robot

Item Value
Length of Robot 0.30m
Weight of Robot Tkg

Variable dimension 0.25m ~ 0.35m

Fig. 2.7 Driving Module Part and Prototype of Inpipe Inspection Robot
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Table 4.1 Motor Parameters

Physical parameters Values Unit
Moment of inertia of the rotor(J) 0.01 kg-m® /s’
Damping ratio of the mechanical system(b) 0.1 Nms
Electromotive force constant(K =K,k =K, ) 0.01 N-m/ Amp
Electric resistance(R) 1 Q
Electric inductance(L) 0.5 H

L=A71AJYH A[H]
R=" =724 % W]
14

AT 4]

i=74

(4.1)
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Fig. 4.1914 DCEH<e 7|8 EA-d3 7|44 EA4&
Newton's law®} Kirchhoff's lawE o]-&3}H, th33 Zo] yepbd

T Ao

JO+bO+T =K i (4.2)
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R (s +§)(s + Jb)
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Fig. 4.2 Block Diagram of PID Controller
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Table 5.1 The Numeric Value of Parameters for Simulation

Parameter Value Unit
o 0 [deg]
D 0.3 [m]
R 0.3 [m]
a -150
b 300
@, 4.0 [rad / s]
Sampling Time 0.01 Second

WA, WARALR RS Ve FHAEEE AN = wheel ©f
Aol 4.0rad/s 2= AL, FIHANME wheell 2 4.0rad/s |
wheel 2= 5.73rad | s , wheel 3+= 2.25rad | s & 3} T}, o]+= v} <
Ao AT 649rad (s )NA MBS HAS] AG AHe
A5ES Aoz Aaadth NARAZRE Lom o 44 DS
Ad % mpel AYsHl ek wEEARe] Fnel 0y
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Table B.1 Specification of Motor

'lk > '-._H I“s 4o - B Vilyes ’,I'
Rated Volt 24V
Rated Torque 130g-cm
Rated Speed 6160rpm
Rated Current 500mA
No load Speed 7300rpm
No load Current 80mA
Rated Output 8.5W
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